Magazine R353 that were more satisfying than we had originally hoped for.
What has changed most in the field since you began to work in it? Well, there was no molecular biology going on when we showed up in the early 1980s. It was a time when people were just starting to isolate genes in just a few model organisms, and our target in Drosophila happened to control this behavior. The first meeting I attended in this field was a Gordon Conference on Chronobiology. For the molecular talks you had me, Jeff Hall and Michael Rosbash just giving a first peak at per. There were developing genetic studies in Neurospora that very quickly blossomed in the next few years, but had not gone molecular yet. Fascinating transplantation studies were giving anatomical localizations for neural pacemakers. There were also intriguing electrophysiological studies and some suggestive biochemical experiments looking at time-of-day specific inhibitors of RNA and protein synthesis that affected circadian rhythmicity. Those were being used to argue that unknown proteins controlling the clock were present at only some times of day, which of course turned out to be true and an important prediction.
It seems everyone who was interested in biological clocks then has now become very good at genetics and molecular biology. The range of systems currently understood in depth is remarkable. There has been a profound level of tool development and analysis that can now focus on everything from monitoring multiple gene rhythms in live cells in culture to studies of complex rhythms in clusters of neurons in behaving mice. We've become one of the big beneficiaries of all of this activity: our work is still centered on Drosophila, but there are also new projects that we would not have approached a few years ago. For instance, we're using primary skin cultures to look directly at human circadian biology. It's an unusual community that has remained very open and collaborative. We get an encouraging push from time to time to take on new ventures. (Figure 1) . Firstly, the action potential propagates at high velocity along the axon in the contralateral spinal cord. Secondly, the opposing Mauthner cell is inhibited by both a conventional chemical inhibitory post-synaptic potential (IPSP) and a rare form of electrical inhibition, thereby ensuring the two never fire together. In the spinal cord, the Mauthner cell makes a multitude of synaptic connections, particularly with the large primary motorneurons innervating the contralateral trunk and tail muscles. The high conduction velocity of the Mauthner cell ensures these motorneurons discharge almost synchronously along the length of the body. In a 10 centimetre goldfish, a Mauthner cell axon conducting at 100 metres per second would take only 1 millisecond to propagate through the entire spinal cord. The resulting contraction bends the body into a characteristic C-shape with the head pointing away from stimulus (Figure 1, inset 
Quick guide
activated in parallel. Because of their smaller axons, however, these Mauthner homologues elicit delayed C-starts. In the race to escape, delays of even milliseconds might result in being someone's lunch, so command neurons like the Mauthner cell increase the chances of survival.
Can't predators predict the direction of escape?
The main function of the Mauthner cell-mediated escape reflex is to evade predation, but if the response always took the same direction a predator could quickly anticipate where to strike. Fortunately, C-starts are inherently flexible so the final response trajectory has in-built variability; sometimes fish execute a second C-start shortly after the first, turning them roughly towards the unsuspecting predator! The escape behaviour is recognized as having two distinct phases: an initial, relatively stereotyped phase (the C-start) and a second later, more variable phase (beginning escape swimming), which determines the final orientation of the fish.
This unpredictability of response trajectory may be a general anti-predatory feature to emerge from escape circuits. For example, a rather similar strategy has been adopted by the cockroach (see Domenici et al. (2008) . Cockroaches keep predators guessing by using preferred escape trajectories. Curr. Biol. 18, 1792 Biol. 18, -1796 . In this case, however, the animal escapes from threats detected by wind-sensitive cercal afferents by running away at high speed along one of a set of preferred, distinct trajectories which predators presumably cannot predict. The common theme though is that built in variability keeps predators guessing.
What affects the decision to escape? C-start escape behaviour is a highly energetic and attention-grabbing manoeuvre, so the decision to escape cannot be taken lightly. The Mauthner cell threshold is therefore set high to prevent innocuous inputs from triggering escape. The activation threshold is not fixed, however, because auditory club ending synapses display profound synaptic plasticity, being subject to short and long-term potentiation and depression under appropriate experimental conditions. Neuromodulation may underlie this plasticity. For example, both the chemical and electrical components of the Mauthner cell response are potentiated by endocannabinoids. But what is the point of building such flexibility into the design of an escape system? Perhaps, in a constantly changing acoustic environment, synaptic plasticity and neuromodulation are important for behavioural adaptations, such as habituation and sensitization. The Mauthner cell circuit provides potentially fruitful research avenues for future studies of how neuromodulators shape the output of neural networks underlying behaviour.
What about the evolution of Mauthner cells?
There are strong selection pressures on the evolution of neural circuits that enable rapid escape because, in the immortal words of Joe Fetcho (1991) :
"Being eaten alive abruptly ends all chances of future reproduction and is not favourable from an evolutionary view point"
From a phylogenetic perspective, Mauthner cells are identifiable not only in fish but also in amphibians, where they are particularly conspicuous in tadpoles, which swim like fish. The Mauthner cell system, in common with escape circuits in other phyla, incorporates special design features that enhance the speed of escape, including relatively few neurons in the pathway, large diameter, fast conducting axons and electrical synapses to speed transmission. Perhaps because of its command function in executing fast escape, however, the Mauthner system has been evolutionarily malleable, having been incorporated into a range of modified C-start behaviours. For example, goldfish use C-starts during prey capture as well as predator avoidance. Similarly, archer fish have evolved a dramatic prey capture mechanism, whereby the retrieval of insects dislodged from vegetation by a spit of water involves a C-start with the hallmarks of Mauthner cell involvement. Recent evidence suggests that flying fish become airborne using an adapted system in which Mauthner cells connect to fin adductor motorneurons. In contrast to C-starts, however, left and right fin motorneurons are activated simultaneously, producing a sufficiently powerful bilateral fin adduction for an aerial escape. A similar adaptation occurs in the Mauthner cell system of anuran amphibians. Whilst in larval stages the Mauthner cells mediate classical C-starts, the cells atrophy as the tail regresses during metamorphosis but are retained in limbed juveniles to mediate a powerful, synchronous contraction of the two hind legs in a diving startle response which propels them away from danger.
In conclusion, Mauthner cells have evolved to maximize the speed of escape and hence optimize survival. During evolution, the Mauthner system has become incorporated into modified escape and predatory behaviours suiting the morphological, behavioural and ecological constraints of the host organism.
Where can I find out more?
to stimulate allogeneic lymphocytes. Another important milestone in the understanding of dendritic cell biology was the discovery that these cells have the ability to present antigen on major histocompatibility complex (MHC) class I and II molecules. Upon migration and maturation, dendritic cells become capable of engaging lymphocytes and initiating immune programs. These observations led to dendritic cells being regarded as the 'sentinels' of the immune system and also as 'professional' antigenpresenting cells, for their multiple roles in orchestrating immunity. The immune system is arguably one of the most complex cellular organizations that exists in the body. This system is composed of multiple cell types that are arranged in distinct organs or circulate through the blood and peripheral tissues. The complexity of the immune system is not superfluous, but rather it is required to fulfill the multifaceted purpose of the immune system, namely: the recognition of the diverse repertoire of micro-organisms; the detection of neoplastic legions originating from a range of tissues; and, while executing these tasks, the maintenance of peripheral tolerance by suppressing detrimental responses against healthy tissues. Dendritic cells are critical players in conducting the immune response to fulfill these roles. Here we provide an overview of how dendritic cells monitor their surrounding environment and coordinate an appropriate response during both steady-state and inflammatory conditions. We also highlight some of the current approaches aimed to harness the unique properties of these cells for use as therapeutic agents against cancer and infectious disease.
Dendritic cell subsets

Discovery
The term 'dendritic' was first used by Ralph Steinman and Zanvil Cohn in 1973 to describe a novel cell type identified in the secondary lymphoid organs of mice. Using microscopy techniques, they characterised this relatively rare population (~1%) on the basis of its adherence properties and morphology, with the most striking feature being its long cytoplasmic processes, which extend and retract from the cell body. A physiological role for this newly discovered cell type was not immediately appreciated. It was several years before dendritic cells were identified as 'accessory cells', which demonstrated a capacity, greater than that of macrophages,
